T he etiology of aneurysmal subarachnoid hemorrhage (SAH) is poorly understood. 1, 2 Cigarette smoking is a strong risk factor, but only a few other factors, such as hypertension, family history, and heavy alcohol consumption, are considered credible risk factors. 3 Since the incidence of SAH is highest in women after menopause, 4 it has been suggested that sex hormones, especially estrogen, might be protective for the condition. 1, 5, 6 In contrast to ischemic stroke, 7, 8 most of the epidemiological data have shown that the risk of hemorrhagic stroke (including SAH) is not substantially influenced by either hormone replacement therapy (HRT) or oral contraceptive pills (OCPs). However, a large population-based, case-control study of SAH has reSee Editorial Comment, page 611 ported significant independent associations between the use of either HRT or OCPs and a reduced risk of SAH. 6 Studies of hormone therapy and risk of SAH have been difficult to interpret because of imprecision due to small numbers of events as well as incomplete or inadequate information regarding exposures and potential confounding variables. 3, 9, 10 Data pertaining to risk in relation to endogenous hormonal factors, such as menstrual pattern, are even more limited. 6 The Australasian Cooperative Research on Subarachnoid Hemorrhage Study (ACROSS) was a large prospective, multicenter, population-based, case-control study of SAH. We present here results that pertain to the relationship between SAH and menstrual and reproductive history and use of hormonal therapy, both OCPs and HRT.
Subjects and Methods
The design of ACROSS has been described. 11 Briefly, the study used population-based disease registers in 4 major urban centers in Australasia: Adelaide (South Australia), Hobart (Tasmania), Perth (Western Australia), and Auckland (New Zealand). The total study population (aged Ն15 years) was approximately 2.8 million according to the 1996 census for each city. A wide range of overlapping sources and harmonized data collection procedures were used to ascertain all cases of primary aneurysmal SAH that occurred over staggered whole-year intervals in the population between November 1995 and June 1998. SAH was defined according to standard criteria as an abrupt onset of severe headache and/or loss of consciousness, with or without focal neurological signs, and in which CT, necropsy, or lumbar puncture revealed focal or generalized blood in the subarachnoid space. 12 Patients whose hemorrhage was found definitely to originate from sources other than an intracranial aneurysm (including primary intracerebral hemorrhage, arteriovenous malformations, trauma, infections, bleeding diathesis, and neoplasms) were excluded. Those patients with proven hemorrhage in whom an aneurysm could not be identified either by cerebral angiography or at necropsy were included, as were 3 patients with acute severe headache followed by death within hours. Each event during the study period was classified as being the patient's first-ever or a recurrent SAH.
Controls with no history of SAH were randomly selected from electoral rolls and frequency matched to cases for sex, age (10-year strata), and city of residence, on the basis of the projected incidence. Enrollment to vote is compulsory for adults in Australia and New Zealand. A postal invitation to participate in the study was followed up with a telephone call. Replacements were sought when potential control subjects could not be contacted by telephone or by personal visit (after several attempts) or when they had moved outside the study area. On the assumption that proxy interviews would be required for approximately 40% of case subjects because of early death or disability, matching also included interviews with a nominated relative, friend, or other reliable informant. Controls were enrolled in the study during the same period as that in which cases were ascertained and interviewed. Institutional ethics committees in each of the study centers approved the protocol. All participants provided informed consent, including next of kin for case subjects who were severely ill, unconscious, or deceased, and from proxy respondents for control subjects.
As soon as possible after notification, trained study nurses undertook face-to-face interviews with case subjects or, in cases in which they were deceased or disabled, with the partner or next of kin. Control subjects or their proxies were interviewed at home. A structured questionnaire was used to obtain information regarding age, ethnicity (white or other), highest level of education (secondary only or postsecondary), and occupation. Socioeconomic status was classified into 6 categories: 3 nonmanual categories (classes 1, 2, and 3) and 3 manual categories (classes 4, 5, and 6). These strata are primarily based on occupation, 13 but level of education and profession of spouse (or partner) were also taken into account. Subjects were questioned about their lifetime use of OCP and HRT (current, past, or never) and about their menstrual and reproductive history. Limited information was obtained on the type, dose, or duration of hormonal therapy. Subjects were also questioned about their lifetime use of tobacco (never, current, or ex-smoker Ͼ12 months), about their use of alcohol in the previous 2 weeks (number of units per week), and whether a doctor had ever told them that they had hypertension, heart disease (angina, myocardial infarction), or diabetes mellitus. Usual level of activity was categorized as sedentary (Ͻ1 session per week) or active (Ն1 session per week) on the basis of the frequency of vigorous exertion (lasting Ն15 minutes) in the course of work, activities about the house, or recreation. 14 Body mass index (BMI) was calculated as self-reported weight (kg) divided by height (m 2 ). A random nonfasting blood sample was taken from subjects for measurement of serum cholesterol at the laboratories of major hospitals in the study centers. For subjects who were unavailable or refused blood samples, serum cholesterol levels were estimated from other sources, either from (1) their general practitioner or hospital medical records or, when this information was not available, from (2) the most recent cholesterol level recalled by the subject. Differences between study groups were examined with the 2 test for categorical variables and independent sample t tests for continuous variables. Values of PϽ0.05 were considered statistically significant. Unconditional multiple logistic regression with SAS software 15 was used to model the incidence of SAH in relation to various hormonal factors. The OR and 95% CI were used to estimate relative risk. To avoid problems associated with sparse data, missing values were imputed with the use of the "hot deck" approach provided by SOLAS software. 16 This method adopts a strategy based on the similarity of incomplete and complete records. For each missing variable, a value was imputed from that of a subject with complete data who had the characteristics most similar to that of the subject with incomplete data, while also maintaining the appropriate measurement index for that variable (ie, categorical versus continuous). In this analysis, imputed variables were necessary for cholesterol level (missing valuesϭ111), BMI (missing valuesϭ44), smoking status (missing valuesϭ23), alcohol intake (missing valuesϭ34), and history of hypertension (missing valuesϭ19). The hot deck method was used separately for cases and controls on the basis of city, age, and social class. Imputed data were only used in the multiple logistic regression analyses to ensure stability of the models. Multiple logistic regression was performed with adjustment for matched factors (age, study center, use of proxy respondent) and confounding variables associated with both exposure and outcome. Two approaches were taken to adjust for confounders: first, confounding variables were only included in the model if they caused a meaningful change (by Ն10%) in the OR 17 ; second, all possible confounding variables were forced into the model. For both approaches, adjusted ORs are reported.
Results
Two hundred sixty-eight women with first-ever SAH identified by our surveillance effort during the 3 years of case ascertainment made up 61% of all first-ever cases. Of these, 214 women (80%) had the aneurysmal origin of the SAH diagnosed by angiography, surgery, or at autopsy. Only 6 women (2%) suffered perimesencephalic bleeds. In all, 473 (59%) of 798 potential control subjects selected at random from electoral rolls took part in the study. Two hundred eighty-six were women. Reasons for nonparticipation were death (in 9), no contact (in 159), refusal (in 118), and other factors (in 39). Table 1 shows the distribution of cases and controls by study center, demographic factors, and variables that might affect the risk of SAH or propensity to use OCPs or HRT. Controls were significantly more likely than cases to have been educated beyond secondary school, to have a higher socioeconomic status, and to be white. Variables significantly related to the risk of SAH were smoking, history of hypertension, lower BMI, lower serum cholesterol levels, and nondrinking status. Despite efforts to match by source of information, proxies were used for 173 (65%) of case subjects compared with 91 (32%) of control subjects (PϽ0.0001).
The associations between SAH and menstrual and reproductive history are shown in Table 2 . The risk of SAH declined with older age at first birth (OR, 0.63; 95% CI, 0.43, 0.91). There was no significant association with risk of SAH for any other endogenous hormonal factors. Ever use of HRT was associated with a significant 36% reduction in odds of SAH (unadjusted OR, 0.64; 95% CI, 0.43, 0.97) ( Table 3) . Borderline evidence of an inverse association was seen for current use of HRT (unadjusted OR, 0.70; 95% CI, 0.42, 1.13) and past use of HRT (unadjusted OR, 0.55; 95% CI, 0.29, 1.02). No evidence of an association was seen for ever use of OCPs (unadjusted OR, 0.82; 95% CI, 0.58, 1.17).
Adjustment for age, city, and proxy respondent did not appreciably affect the association for ever use of HRT (adjusted OR, 0.64; 95% CI, 0.41, 0.98). Similar risk estimates were also observed for past use of HRT (OR, 0.59; 95% CI, 0.30, 1.13) and current use of HRT (adjusted OR, 0.67; 95% CI, 0.40, 1.13). There was no association for ever use of OCPs (adjusted OR, 0.94; 95% CI, 0.59, 1.49).
In the first approach to adjustment for potential confounding variables, in which inclusion in the model depended on a meaningful change (by Ն10%) in OR, 17 social class, ethnicity, smoking, hypertension, cholesterol level, alcohol intake, and BMI were examined. None of these variables altered the OR by the required 10%, and therefore they were not retained in the models for ever, past, and current use of HRT. Therefore, the adjusted ORs remained unaltered (Table 3) . However, the inclusion of confounding variables that altered the OR by a minimum of 10% did affect the OR for ever use of OCPs and risk of SAH (adjusted OR, 0.97; 95% CI, 0.58, 1.60). In the second approach, potential confounding variables (social class, smoking, hypertension, cholesterol level, and alcohol intake) were forced into the models. The effect was to increase the point estimates and 95% CIs for ever use of HRT (OR, 0.75; 95% CI, 0.47, 1.18), past use (OR, 0.71; 95% CI, 0.35, 1.41), and current use of HRT (OR, 0.77; 95% CI, 0.44, 1.33). The point estimates remained well below unity, but the increased width and inclusion of unity of the 95% CIs reflected reduced precision due to small numbers.
Given that women who take hormones may have healthier lifestyles with fewer risk factors than women who do not, 18 a comparison was made between subjects who had ever used HRT and those who had never used HRT. There were no significant differences between the groups in relation to age, cholesterol level, BMI, smoking habits, history of hypertension, or level of education. However, more users of HRT drank alcohol (79% versus 67%; Pϭ0.01), and more users were classified into nonmanual social classes 1 to 3 (78% versus 67%; Pϭ0.03). There was no significant difference in risk of SAH between premenopausal and postmenopausal women (age-adjusted OR, 0.95; 95% CI, 0.55, 1.64).
Discussion
In this population-based, case-control study, SAH was more common in women, and there was an inverse association between use of HRT and the risk of SAH. The association was moderately strong for ever use of HRT, but there was only borderline evidence of an inverse relation when current or past use of HRT was considered separately. There was no evidence of an association with use of OCPs. These data are supported by the stable estimates of risk even after adjustment for confounding variables.
The strengths of the study include the large series of cases with uniform and strict diagnostic criteria for SAH. The cases were consecutive, a high proportion had CT (and/or necropsy) confirmation of the diagnosis, and they were derived from a set of population-based registries. Thus, the potential for systematic errors due to referral bias and misclassification of SAH is likely to be very small. Moreover, since enrollment to vote is compulsory in Australia and New Zealand, the controls were also representative of the population that gave rise to the cases. Finally, despite the high case fatality, we were able to obtain information regarding a wide range of exposures for most cases.
Differential error or bias is unavoidable in case-control studies, where information on exposures for cases is obtained under different circumstances from those for controls. In common with other epidemiological studies of SAH, 6, 19, 20 we used proxy respondents to obtain information regarding exposures in the high proportion of the cases who were unable to be interviewed because of early death or disability. It is possible that some cases may have underreported certain exposures, such as recent alcohol intake, and proxies might have overestimated them, either of which leads to a bias. Even if efforts to frequency-match for use of proxy respondents in controls had succeeded completely, it is still possible that proxies for controls may have been more (or less) likely to give erroneous responses than proxies for cases. 21 We have no reason to suspect, however, that any measurement error would have differed appreciably in magnitude between cases and controls. Most cases would not have had any prior knowledge about the hypotheses being investigated, and they were interviewed early after the event, reducing the likelihood for habits to change significantly subsequent to diagnosis. In addition, studies have reported high agreement between index and proxy respondents with regard to personal habits and medical conditions, 22, 23 such as those used in these analyses. Adjustment for use of proxy was made in all multivariate analyses. *From a multiple logistic regression analysis adjusted for age, center, and use of proxy respondent. †From a multiple logistic regression analysis adjusted for age, center, use of proxy respondent, and any confounders from risk factors and other variables that caused a meaningful change (Ն10% in OR) to the model. No confounding variables existed in the models for ever and current use of HRT. Confounding variables adjusted for in the model for OCPs included social class, smoking, hypertension, cholesterol level, and alcohol intake.
‡From a multiple logistic regression analysis adjusted for age, center, use of proxy respondent, social class, smoking, hypertension, cholesterol level, and alcohol intake.
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Another limitation of this study, however, was that the hormonal data were based on self-report and often proxy report, and information was not confirmed from medical record review, which may have resulted in misclassification of exposures. However, there appears to be high agreement between self-report and medical records regarding the use of HRT. 24 The results of earlier epidemiological analyses of the use of HRT and incident SAH have not been consistent. Our data support those of another large population-based, case-control study undertaken by Longstreth et al, 6 who found that ever use of HRT was associated with a 53% reduction in odds of SAH (OR, 0.47; 95% CI, 0.26, 0.86). Ever use of OCPs also had an inverse association (OR, 0.52; 95% CI, 0.25, 1.10), although this was not significant. Interestingly, they found that the reduction in risk associated with HRT was greatest in women who had smoked compared with those who had never smoked. However, adjustments were made only for age and source of information (index subject or proxy) in the analyses; when smoking was included in the model, the association of use of HRT with risk of SAH was significantly attenuated. Other case-control [25] [26] [27] and cohort 28, 29 studies have found no clear association for use of hormonal therapy and SAH, although the estimates were imprecise, as indicated by generally wide 95% CIs. Among the limitations of these studies are the use of select population groups and broader criteria for the diagnosis of SAH.
If estrogen (either alone or in combination with progestogen) reduces the risk of SAH, our results suggest that age at exposure is important. Apart from a later age of first pregnancy, there was no association of menstrual or reproductive variables or use of OCPs with the risk of SAH. The negative association between use of HRT and risk of SAH, however, supports the hypothesis of a protective role only in postmenopausal women. Because of the sample size, it is likely that lack of power is the explanation for the failure to detect a significant association for past and current users despite that seen for ever users of HRT. A number of potential beneficial vascular effects of estrogen, including those on lipid profiles, have been proposed, 30 but none is as yet entirely satisfactory as an explanation regarding the propensity toward formation and rupture of cerebral aneurysms.
Since the vast majority of strokes in women occur after the menopause, there has been much hope that HRT would alleviate the burden of stroke, as it may do for cardiovascular disease. 31 Many studies have been devoted to the relationships between HRT and stroke. Conflicting results have been produced for nonfatal stroke, yet consistent findings have been obtained of decreased risk for fatal stroke . 31, 32 Stratification by fatal and nonfatal strokes may be important in providing indirect evidence concerning HRT and the risks of ischemic and hemorrhagic stroke because the great majority of nonfatal strokes are ischemic, while between approximately one and two thirds of fatal strokes are hemorrhagic, including SAH. 33 There is growing evidence that ischemic and hemorrhagic strokes have qualitatively different associations with certain risk factors such as cholesterol. 34 A similar relationship may well hold for HRT, given the present data for SAH together with those from the Nurses' Health Study 8 that indicate an increased risk of ischemic stroke among users of HRT (adjusted relative risk, 1.4; 95% CI, 1.02, 1.92).
These data, together with those from other well-designed and -conducted epidemiological studies, provide the best evidence currently available to support a key role for hormonal therapy in the prevention of SAH among postmenopausal women.
Editorial Comment The Gender Gap in Aneurysmal Subarachnoid Hemorrhage
Why does aneurysmal subarachnoid hemorrhage affect women more than men? The answer to this question may provide clues about the pathophysiology and prevention of this deadly condition. The occurrence of a disease can be reduced if etiologic risk factors can be identified and modified. Although successful clipping or coiling of an aneurysm that has spilled blood into the subarachnoid space can eliminate the risk for rebleed, such treatments are imperfect with the majority of patients with an aneurysmal subarachnoid hemorrhage being left dead or disabled in most series. 1 The high morbidity and mortality is made worse by the fact that most of those who suffer aneurysmal subarachnoid hemorrhage are under age 65, unlike most other types of stroke.
The search for etiologic risk factors for aneurysmal subarachnoid hemorrhage is complicated because different factors may influence the risk of aneurysm formation, rupture, or both. 2 To date, some of the strongest evidence exists for cigarette smoking, hypertension and alcohol use. 3 These risk factors are more common in men than women so these factors alone do not explain the excess of aneurysmal subarachnoid hemorrhage in women. If the effect of these risk factors were more potent in women than men, the excess of aneurysmal subarachnoid hemorrhage in women could be explained. The studies of risk factors that have sought evidence for such effect modification have not found it. 3 Nonetheless, one of the many benefits of controlling these risk factors would likely be a reduced risk of subarachnoid hemorrhage for both women and men.
Hormonal factors deserve careful attention in a disease that affects women more than men. Observational studies have addressed the use of oral contraceptive pills and hormone replacement therapy. The studies performed to date have not resolved the issue, and thus the work from Dr. Mhurchu and colleagues is a welcome addition. In a population-based study of subarachnoid hemorrhage from Australia and New Zealand, the investigators examined the risk associated with oral contraceptive pills and hormone replacement therapy. They found no association with ever use of oral contraceptive pills (adjusted odds ratio 0.97 with a 95% confidence interval (CI)
Ni Mhurchu et al
Hormonal Factors and Subarachnoid Hemorrhageof 0.58 to 1.60). A recent meta-analysis of oral contraceptive pills indicated a small but significant increased risk of subarachnoid hemorrhage (relative risk estimate 1.42, 95% CI 1.12 to 1.80). 4 The risk was less when analyses were limited to studies of oral contraceptive pills containing low doses of estrogens, as are most commonly used nowadays.
The results of the current study when added to the meta-analysis will edge the risk estimate even closer to 1.0. Of note, in a pooled analysis from two recent US case-control studies, too few users of the low-dose oral contraceptive pills were cigarette smokers or hypertensive to allow the investigators to examine whether these factors modified the small risk associated with oral contraceptive pills, as was suggested for high-dose preparations commonly used in the past. 5 The investigators recommended maintaining cigarette smoking and hypertension as contraindications to prescribing oral contraceptive pills, until evidence suggests otherwise. Less work has been done with hormone replacement therapy, which may be more pertinent than oral contraceptive pills because the incidence of subarachnoid hemorrhages is higher after menopause than before. 6 Dr. Mhurchu and colleagues found that ever use of hormone replacement therapy was associated with a reduced risk of subarachnoid hemorrhage (adjusted odds ratio 0.64, 95% CI 0.41 to 0.98). The findings were consistent with a similarly designed study in which the reduced risk with hormone replacement therapy was limited to those who had ever smoked. 7 Other observational studies have not confirmed these findings but have potential shortcomings as reviewed by Dr. Mhurchu and colleagues. Concern remains that a protective effect of hormone replacement therapy may be an artifact resulting from residual confounding by some unmeasured or poorly measured factor. Such concerns are heightened by the results of a recent clinical trial in which hormone replacement therapy did not reduce the risk of coronary heart disease, despite the preponderance of evidence from observational studies indicating that such treatment should be beneficial. 8 We are left with an incomplete understanding of why aneurysmal subarachnoid hemorrhage affects women more than men, or for that matter, why women are more likely than men to have multiple aneurysms. 9 Perhaps the loss of some beneficial effect of estrogens on cerebral blood vessels increases the risk of subarachnoid hemorrhage. Men would be at less risk because they do not experience such a dramatic estrogen withdrawal, as do women. Alternatively, some interaction of other environmental and genetic factors could result in an increased risk. Genetic factors have just started to be explored but will still need to be able to explain why this disease affects women more than men. Because it is a relatively common cause of stroke in women under age 65 and because of its high morbidity and mortality, the excess of aneurysmal subarachnoid hemorrhage in women remains a pressing question in stroke research.
